PP2A inhibitor PME-1 drives kinase inhibitor resistance in glioma cells by Kaur, A. et al.
Kaur,  A.,  Denisova,  O.,  Qiao,  X.,  Jumppanen,  M.,  Peuhu,  E.,  Ahmed,  Shafiq, 
Raheem, O., Haapasalo, H. K., Eriksson, J., Chalmers, A. J., Laakkonen, P. M. 
and  Westermarck,  J.  (2016)  PP2A  inhibitor  PME-1  drives  kinase  inhibitor 
resistance in glioma cells. Cancer Research. ISSN 0008-5472 
Downloaded from: http://sure.sunderland.ac.uk/6784/
Usage guidelines
Please  refer  to  the  usage guidelines  at  http://sure.sunderland.ac.uk/policies.html  or  alternatively 
contact sure@sunderland.ac.uk.
.DXUHWDO
  ?
33$ LQKLELWRU 30( GULYHV NLQDVH LQKLELWRU UHVLVWDQFH LQ JOLRPD
FHOOV
$PDQSUHHW .DXU 2[DQD 9 'HQLVRYD ;L 4LDR 0LNDHO -XPSSDQHQ (PLOLD
3HXKX 6KDILT 8 $KPHG 2OD\LQND 5DKHHP +DQQX +DDSDVDOR -RKQ
(ULNVVRQ$QWKRQ\-&KDOPHUV3LUMR/DDNNRQHQDQG-XNND:HVWHUPDUFN
$XWKRUDIILOLDWLRQV
7XUNX &HQWUH IRU %LRWHFKQRORJ\ 8QLYHUVLW\ RI 7XUNX DQG cER $NDGHPL 8QLYHUVLW\
7XUNX)LQODQG
'HSDUWPHQWRI3DWKRORJ\8QLYHUVLW\RI7XUNX7XUNX)LQODQG
7X%6DQG7X'00'RFWRUDO3URJUDPPHV7XUNX)LQODQG
,QVWLWXWHRI&DQFHU6FLHQFHV:ROIVRQ:RKO&DQFHU5HVHDUFK&HQWUH8QLYHUVLW\RI
*ODVJRZ*ODVJRZ*4+8.
1HXURPXVFXODU5HVHDUFK8QLW7DPSHUH8QLYHUVLW\DQG8QLYHUVLW\+RVSLWDO7DPSHUH
)LQODQG
'LYLVLRQRI3DWKRORJ\DQG*HQHWLFV+86/$%+HOVLQNL)LQODQG
'HSDUWPHQWRI3DWKRORJ\)LPODE/DERUDWRULHV7DPSHUH)LQODQG
'HSDUWPHQWRI%LRVFLHQFHVcER$NDGHPL8QLYHUVLW\7XUNX)LQODQG
5HVHDUFK 3URJUDPV 8QLW 7UDQVODWLRQDO &DQFHU 5HVHDUFK DQG /DERUDWRU\ $QLPDO
&HQWUH8QLYHUVLW\RI+HOVLQNL+HOVLQNL)LQODQG
'HSDUWPHQWRI3KDUPDF\+HDOWKDQG:HOOEHLQJ'DOH%XLOGLQJ6FLHQFHV&RPSOH[
8QLYHUVLW\RI6XQGHUODQG656'8.
5XQQLQJWLWOH30(GULYHVNLQDVHLQKLELWRUUHVLVWDQFHLQ*%0
.H\ZRUGV&DQFHU*OLREODVWRPD3URWHLQSKRVSKDWDVH$.LQDVHLQKLELWRUUHVLVWDQFH
)LQDQFLDO VXSSRUW - :HVWHUPDUFN ZDV VXSSRUWHG E\ JUDQWV IURP 6LJULG -XVHOLXV
)RXQGDWLRQ)LQQLVK&DQFHU$VVRFLDWLRQ$FDGHP\RI)LQODQGJUDQW-DQHDQG
$DWRV(UNNR)RXQGDWLRQDQG0HGLFDO5HVHDUFK)XQGRI7DPSHUH8QLYHUVLW\+RVSLWDO
$.DXUZDVVXSSRUWHGE\7XUNX'RFWRUDO3URJUDPPHRI%LRPHGLFDO6FLHQFHV7X%6
7XUNX 'RFWRUDO 3URJUDPPH RI 0ROHFXODU 0HGLFLQH 7X'00 2ULRQ 5HVHDUFK
)RXQGDWLRQ &DQFHU 6RFLHW\ RI )LQODQG ,QVWUXPHQWDULXP 6FLHQFH )RXQGDWLRQ DQG .
$OELQ -RKDQVVRQV )RXQGDWLRQ $- &KDOPHUV UHFHLYHG D JUDQW IURP 8. 0HGLFDO
5HVHDUFK&RXQFLO -:HVWHUPDUFNKROGVD5HVHDUFK3URIHVVRUSRVLWLRQVXSSRUWHGE\
)RXQGDWLRQRIWKH)LQQLVK&DQFHU,QVWLWXWH
$GGUHVVFRUUHVSRQGHQFHWR-XNND:HVWHUPDUFNMXNZHV#XWXIL
$XWKRUVGHFODUHQRFRQIOLFWVRILQWHUHVW
:RUGFRXQWH[FOXGLQJUHIHUHQFHV1XPEHURIILJXUHV 
.DXUHWDO
  ?
$EVWUDFW

*OLREODVWRPDPXOWLIRUPH*%0ODFNVHIIHFWLYHWKHUDS\RSWLRQV$OWKRXJKGHUHJXODWHG
NLQDVHSDWKZD\VDUHGULYHUVRIPDOLJQDQWSURJUHVVLRQLQ*%0JOLRPDFHOOVH[KLELW
LQWULQVLFUHVLVWDQFHWRZDUGVPDQ\NLQDVHLQKLELWRUVDQGWKHPROHFXODUEDVLVRIWKLV
UHVLVWDQFHUHPDLQVSRRUO\XQGHUVWRRG+HUHZHVKRZWKDWRYHUH[SUHVVLRQRIWKHSURWHLQ
SKRVSKDWDVH$33$LQKLELWRUSURWHLQ30(GULYHVUHVLVWDQFHRIJOLRPDFHOOVWR
YDULRXVPXOWLNLQDVHLQKLELWRUV7KH30(HOLFLWHGUHVLVWDQFHZDVGHSHQGHQWRQVSHFLILF
33$FRPSOH[HVDQGZDVPHGLDWHGE\DGHFUHDVHLQF\WRSODVPLF+'$&DFWLYLW\
,PSRUWDQWO\ERWK30(DQG+'$&DVVRFLDWHGZLWKKXPDQJOLRPDSURJUHVVLRQ
VXSSRUWLQJFOLQLFDOUHOHYDQFHRIWKHLGHQWLILHGPHFKDQLVP6\QWKHWLFOHWKDOLW\LQGXFHGE\
ERWK30(DQG+'$&LQKLELWLRQZDVGHSHQGHQWRQWKHFRH[SUHVVLRQRISURDSRSWRWLF
SURWHLQ%$'7KXV30(PHGLDWHG33$LQKLELWLRQLVDQRYHOPHFKDQLVWLFH[SODQDWLRQ
IRUPXOWLNLQDVHLQKLELWRUUHVLVWDQFHLQJOLRPDFHOOV&OLQLFDOO\WKHVHUHVXOWVPD\LQIRUP
SDWLHQWVWUDWLILFDWLRQVWUDWHJLHVIRUIXWXUHFOLQLFDOWULDOVZLWKVHOHFWHGNLQDVHLQKLELWRUVLQ
*%0 
.DXUHWDO
  ?
,QWURGXFWLRQ
*OLREODVWRPDPXOWLIRUPH*%0UHPDLQVH[WUHPHO\GLIILFXOW WR WUHDW7KHIDLOXUHRI
WDUJHWHGWKHUDSLHVLQ*%0FDQEHOLQNHGWRLQKHUHQWO\KLJKDSRSWRVLVUHVLVWDQFHRI*%0
FHOOVHVSHFLDOO\*%0FDQFHUVWHPFHOOV*6&V3DUWLFXODUO\SX]]OLQJLVGLFKRWRP\
EHWZHHQ WKH IDFW WKDW *%0 LV GULYHQ E\ UHFHSWRU W\URVLQH NLQDVH VLJQDOLQJ  EXW
VSHFLILF VPDOO PROHFXOH NLQDVH LQKLELWRUV KDYH IDLOHG WR SURYLGH DQ\ FOLQLFDO EHQHILW LQ
QXPHURXVFOLQLFDOWULDOV
7KH VHULQHWKUHRQLQH SURWHLQ SKRVSKDWDVH 33$ GHSKRVSKRU\ODWHV ODUJH IUDFWLRQ RI
FHOOXODUVHULQHWKUHRQLQHSKRVSKRU\ODWHGSURWHLQVDQGDFWVDVDPDMRUWXPRUVXSSUHVVRU
33$LVDWULPHULFSURWHLQFRPSOH[LQZKLFKVXEVWUDWHVSHFLILFLW\RIWKHFRPSOH[LV
GHWHUPLQHG E\ XS WR  GLIIHUHQW UHJXODWRU\ % VXEXQLWV ZKLFK WRJHWKHU ZLWK WKH
VFDIIROGLQJ$DQGFDWDO\WLF&33$FVXEXQLWVJHQHUDWHDODUJHQXPEHURIDOWHUQDWLYH
33$ WULPHUV  33$ LQKLELWLRQ E\ RYHUH[SUHVVLRQ RI HQGRJHQRXV LQKLELWRU\
SURWHLQV RU E\ JHQHWLF PXWDWLRQV UHVXOWV LQ K\SHUSKRVSKRU\ODWLRQ DQG DFWLYDWLRQ RI
YDULRXV FDQFHU GULYHUV &RQVHTXHQWO\ 33$ LQKLELWLRQ FRQWULEXWHV WR WKH PDOLJQDQW
WUDQVIRUPDWLRQRIKXPDQFHOOVDQGSURPRWHVPDQ\PDOLJQDQWSKHQRW\SHV
7KHHQGRJHQRXV33$LQKLELWRUSURWHLQSURWHLQSKRVSKDWDVHPHWK\OHVWHUDVH30(
UHJXODWHV33$FDFWLYLW\E\GHPHWK\ODWLQJWKHKLJKO\FRQVHUYHGFDUER[\OWHUPLQDO
WDLODQGE\GLUHFWO\ELQGLQJWRWKH33$FFDWDO\WLFVLWH1RWDEO\30(VHOHFWLYHO\
UHJXODWHV DFWLYLW\ RI RQO\ FHUWDLQ %VXEXQLW FRQWDLQLQJ 33$ FRPSOH[HV 
&RQVHTXHQWO\ DV 30( GRHV QRW UHJXODWH XELTXLWRXV 33$ DFWLYLW\ RQO\ IHZ 33$
SKRVSKRSURWHLQWDUJHWVKDYHWKXVIDUEHHQLGHQWLILHGWREHDIIHFWHGE\30(LQFDQFHU
.DXUHWDO
  ?
FHOOV&OLQLFDOO\30(LVH[SUHVVHGLQDERXWRIKXPDQDVWURF\WLFJOLRPDVDQGLWV
H[SUHVVLRQ OHYHOV FRUUHODWH ZLWK WKH WXPRU FHOO SUROLIHUDWLRQ DQG JOLRPD GLVHDVH
SURJUHVVLRQ
0DPPDOLDQ +'$&V FDQ EH FODVVLILHG LQWR IRXU FODVVHV ,,9 7KH FODVV ,,D +'$&V
+'$&DQGVKXWWOHEHWZHHQ WKHQXFOHXVDQGF\WRSODVPDQGKDYHSRWHQWLDO
GHDFHW\ODWLRQWDUJHWV LQERWKFRPSDUWPHQWV3KRVSKRU\ODWLRQRI+'$&IDFLOLWDWHV
LWVQXFOHDUH[SRUWDQGFRQYHUVHO\GHSKRVSKRU\ODWLRQE\33$SURPRWHV+'$&QXFOHDU
LPSRUW  0RUH VSHFLILFDOO\ 33$ WULPHUV LQFOXGLQJ 3335$ %Į DQG
3335$%Į LQWHUDFWZLWK+'$&9HU\ LQWHUHVWLQJO\ LW LV WKHF\WRSODVPLF
+'$& DFWLYLW\ WKDW LV LPSRUWDQW IRU FHOO VXUYLYDO SDUWLFXODUO\ LQ FHOO W\SHV RI QHXURQDO
RULJLQ
+HUH ZH LGHQWLI\ 30( DV D QRYHO GHWHUPLQDQW RI JOLRPD FHOO NLQDVH LQKLELWRU
UHVLVWDQFH 0HFKDQLVWLFDOO\ 30( HIIHFWV DUH PHGLDWHG E\ UHDFWLYDWLRQ RI VSHFLILF
33$ FRPSOH[HV DQG E\ FRQVHTXHQW GHFUHDVH LQ WKH F\WRSODVPLF +'$& 7KH
UHOHYDQFH RI WKH ILQGLQJV LV YDOLGDWHG DFURVV VHYHUDO KXPDQ JOLRPD FHOO OLQHV DQG LQ
JOLRPD VWHP FHOOV DV ZHOO DV LQ in vivo [HQRJUDIW PRGHO DQG KXPDQ JOLRPD WLVVXH
VDPSOHV 
.DXUHWDO
  ?
0DWHULDOVDQG0HWKRGV
Cell culture and transfections 
(VWDEOLVKHG KXPDQ JOLREODVWRPD FHOO OLQHV 7* 977 7HFKQLFDO 5HVHDUFK &HQWUH
7XUNX )LQODQG LQ  DQG 80* IURP 3LUMR /DDNNRQHQ 8QLYHUVLW\ RI +HOVLQNL
)LQODQGLQZHUHFXOWXUHGLQ(DJOH¶V0(06LJPD$OGULFKDQG80*OXFLIHUDVH
JLIWIURP$UL+LQNNDQHQ8QLYHUVLW\RI(DVWHUQ)LQODQG)LQODQGLQLQ'0(0
6LJPD$OGULFK $OO JURZWK PHGLXPV ZHUH VXSSOHPHQWHG ZLWK  KHDWLQDFWLYDWHG
)%6 *LEFR  P0/JOXWDPLQH DQG SHQLFLOOLQ  XQLWVP/±VWUHSWRP\FLQ  JP/
SHQVWUHS LQ D KXPLGLILHG DWPRVSKHUH RI  &2 DW & 7* DQG 80*
OXFLIHUDVH FHOOV OLQHV ZHUH DXWKHQWLFDWHG E\  ORFL 675 SURILOLQJ /*& 6WDQGDUGV
0LGGOHVH[8.LQ1RUPDOUDWDVWURF\WHVLVRODWHGIURPWKHKLSSRFDPSXVUHJLRQRI
QHZ ERUQ 3±3 UDW SXS EUDLQV ZHUH NLQGO\ SURYLGHG E\ 'U (OHDQRU &RIIH\ 7XUNX
&HQWUH IRU %LRWHFKQRORJ\ )LQODQG $VWURF\WHV ZHUH FXOWXUHG RQ %' PDWULJHOFRDWHG
GLVKHVLQ'0(0VXSSOHPHQWHGZLWK)%6/JOXWDPLQHDQGSHQVWUHS
( * 5 5 DQG 5 SULPDU\ JOLREODVWRPD FHOO OLQHV ZHUH GHULYHG IURP IUHVKO\
UHVHFWHG*%0VSHFLPHQVDVSUHYLRXVO\GHVFULEHGDQGJHQHURXVO\SURYLGHGE\'U
&ROLQ:DWWV8QLYHUVLW\RI&DPEULGJH8.7LVVXHFROOHFWLRQSURWRFROVZHUHFRPSOLDQW
ZLWK WKH8.+XPDQ7LVVXH$FW+7$/LFHQVHDQGDSSURYHGE\ WKH ORFDO
UHJLRQDO(WKLFV&RPPLWWHH/5(&4 ,QIRUPHGFRQVHQWZDVREWDLQHG IURP
HDFKSDWLHQWEHIRUHVXUJHU\7KHLUFXOWXUHFRQGLWLRQVKDYHEHHQGHVFULEHGDQGDUH
LQFOXGHGLQVXSSOHPHQWDU\PDWHULDOVDQGPHWKRGV
.DXUHWDO
  ?
VL51$ WUDQVIHFWLRQV ZHUH SHUIRUPHG ZLWK /LSRIHFWDPLQH 51$L0$; ,QYLWURJHQ /LIH
WHFKQRORJLHV VL51$ VHTXHQFHV DUH LQ WKH VXSSOHPHQWDU\ WDEOH 6 +'$&*)3
SODVPLGJLIWIURP3URI6WXDUW/6FKUHLEHU+RZDUG+XJKHV0HGLFDO,QVWLWXWH86$
ZDVWUDQVIHFWHGXVLQJ)XJHQH+'5RFKHRQHGD\DIWHUWKHVL51$WUDQVIHFWLRQ
Chemical inhibitors and drugs 
)ROORZLQJ FKHPLFDOV ZHUH SXUFKDVHG IURP LQGLFDWHG GLVWULEXWRUV + + +
&KHOHU\WKULQH FKORULGH &KO &O 6XQLWLQLE 7DQGXWLQLE /DSDWLQLE DQG 9DQGHWDQLE IURP
%LDIILQ*PE+	&R.*82/<52*gDQG6%IURP
&DOELRFKHP6WDXURVSRULQH676&(38&13.&=9$')0.2NDGDLF
DFLG6RGLXPVHOHQLWH;\OXORVHSKRVSKDWH;3DQG6%IURP6LJPD$OGULFK
7HPR]RORPLGH 70= $UF\ULDIODYLQ$ DQG .F IURP 7RFULV %LRVFLHQFH .D DQG
5HEHFFDP\FLQ IURP (Q]R /LIH 6FLHQFHV (Q]DVWDXULQ /& ODERUDWRULHV )7<
&D\PDQ FKHPLFDOV 3DQRELQRVWDW DQG ). 0HG&KHP ([SUHVV 6$+$ DQG
$%7 6HOOHFNFKHP '+3&&  ZDV D NLQG JLIW IURP 'U 3lLYL .RVNLQHQ
8QLYHUVLW\RI7XUNX)LQODQG$%/ NLQGO\SURYLGHGE\3URI%HQMDPLQ&UDYDWW
7KH6FULSSV5HVHDUFK,QVWLWXWH&DOLIRUQLD86$
Apoptosis assay (Nuclear fragmentation assay) 
7KHSHUFHQWDJHRI WKHVXE** IUDFWLRQRI IUDJPHQWHGQXFOHLVWDLQHGZLWKSURSLGLXP
LRGLGH3,ZDVWDNHQDVDPHDVXUHRIDSRSWRWLFFHOOV$SSUR[LPDWHO\FHOOVZHUH
VHHGHGRQZHOO SODWHV WUDQVIHFWHGZLWK VL51$ IRUKRXUV DQG WKHQ WUHDWHGZLWK
WHVWFRPSRXQGVLQIUHVKPHGLD$IWHUKRXUVRIWUHDWPHQWERWKIORDWLQJDQGDGKHUHQW
FHOOV ZHUH KDUYHVWHG E\ FHQWULIXJDWLRQ &HOO SHOOHWV ZHUH UHVXVSHQGHG LQ O RI
.DXUHWDO
  ?
K\SRWRQLF 3, EXIIHU P0 7ULVRGLXP FLWUDWH 0HUFN  7ULWRQ ; 6LJPD
$OGULFKDQGJPO3URSLGLXPLRGLGH6LJPD$OGULFKLQ3%6DQGLQFXEDWHGDWURRP
WHPSHUDWXUHIRUPLQXWHV LQGDUN7KHIORZF\WRPHWULFDQDO\VLVZDVSHUIRUPHGXVLQJ
)$&6&DOLEXU %HFWRQ'LFNLQVRQ DQG WKH UHFRUGHGGDWDZDVDQDO\]HG ZLWK&HOO4XHVW
3URVRIWZDUH
$%7 WUHDWPHQWZDVSHUIRUPHG LQFRPELQDWLRQZLWK676IRUKRXUVVWDUWLQJ IURP
RQHGD\DIWHUVHHGLQJFHOOVRQZHOOSODWHV7UHDWPHQWVZLWK33$DFWLYDWRUV)7<
6RGLXP6HOHQDWHDQG;\OXORVHSKRVSKDWHZHUHSHUIRUPHGWKURXJKRXWWKHH[SHULPHQW
VWDUWLQJ IURP RQH GD\ DIWHU VHHGLQJ FHOOV 3UHWUHDWPHQW ZLWK 33$ LQKLELWRU 2NDGDLF
DFLG ZHUH SHUIRUPHG IRU  KRXUV EHIRUH 676 WUHDWPHQW 30( LQKLELWRU $%/
WUHDWPHQW ZDV SHUIRUPHG IRU  KRXUV SULRU WR 676 WUHDWPHQW =9$')0. WUHDWPHQW
ZDV SHUIRUPHG RQH GD\ DIWHU VL51$ WUDQVIHFWLRQ IRU  KRXUV IROORZHG E\ FRPELQHG
WUHDWPHQW ZLWK 676 DQG IUHVK =9$')0. LQKLELWRU WUHDWPHQW IRU DQRWKHU  KRXUV
EHIRUHDQDO\VLV+'$&LQKLELWRUWUHDWPHQWVZHUHSHUIRUPHGIRUKRXUVDORQHIROORZHG
E\FRPELQHG+'$&DQG676RU8&1WUHDWPHQWIRUDQRWKHUKRXUVEHIRUHVWDLQLQJ
DQG)$&6DQDO\VLV
Colony formation assay 
2SWLPL]HGQXPEHUVRIFHOOV[ZHUHVHHGHGLQZHOOSODWHVXQWLOIRUPDWLRQRI
FRORQLHV VL51$ WUDQVIHFWLRQVZHUHSHUIRUPHGXVLQJ /LSRIHFWDPLQH51$L0$; UHDJHQW
,QYLWURJHQ DQG DIWHU  KRXUV FRORQLHV ZHUH WUHDWHG ZLWK LQGLFDWHG FRQFHQWUDWLRQ RI
FKHPLFDOGUXJVIRUDQRWKHUKRXUV&HOOFRORQLHVZHUHIL[HGZLWKIRUPDOGHK\GH
DQGVWDLQHGZLWKFU\VWDOYLROHWVROXWLRQ PDGH LQHWKDQRO IRUPLQXWHVDW
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URRP WHPSHUDWXUH HDFK ([FHVV VWDLQ ZDV UHPRYHG E\ UHSHDWHG ZDVKLQJ ZLWK 3%6
3ODWHV ZHUH GULHG DQG VFDQQHG ZLWK (SVRQ SHUIHFWLRQ 9 VFDQQHU 4XDQWLILFDWLRQV
ZHUHSHUIRUPHGZLWK&RORQ\$UHD,PDJH-SOXJLQDQGJUDSKVZHUHSORWWHGXVLQJ
WKH$UHDYDOXHV
Statistical Analysis 
7KH VLJQLILFDQFH OHYHO RI GLIIHUHQFHV EHWZHHQ WKH PHDQ YDOXHV RI WZR JURXSV RI GDWD
ZDVHYDOXDWHGXVLQJWKHXQSDLUHG6WXGHQW¶VWWHVWDVVXPLQJXQHTXDOYDULDQFHVDPRQJ
WKHVDPSOHPHDQV$OOSYDOXHVZHUHWZRWDLOHG3DUDPHWHUGLIIHUHQFHVZLWKSUREDELOLW\
YDOXH S ZHUH GHSLFWHG DV VWDWLVWLFDOO\ VLJQLILFDQW  DQG S DV KLJKO\
VLJQLILFDQW
&RUUHODWLRQEHWZHHQVHQVLWLYLW\RI30(RU+'$&GHSOHWHG7*FHOOVWRZDUGV676
GHULYDWLYHV ZDV DQDO\]HG E\ 3HDUVRQ¶V FRUUHODWLRQ PHWKRG ZKHUH UHODWLRQVKLSV DUH
GHWHUPLQHGE\ WKHFRUUHODWLRQFRHIILFLHQW5 WR LQGLFDWHV IRUVWURQJSRVLWLYH
FRUUHODWLRQ
 
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5HVXOWV
PME-1 depletion induces glioma cell synthetic lethality in conjunction with kinase 
inhibitors  
*LYHQ WKH 33$V FDSDFLW\ WR QHJDWLYHO\ UHJXODWH SKRVSKRSURWHLQV ZH H[SORUHG
ZKHWKHUUHDFWLYDWLRQRI33$DFWLYLW\LQ30(GHSOHWHGFHOOVZRXOGIXUWKHUSUHGLVSRVH
JOLRPDFHOOVWRDSRSWRVLVLQGXFWLRQE\NLQDVHLQKLELWRUV:HHPSOR\HGDVHULHVRINLQDVH
LQKLELWRUV WDUJHWLQJ GLIIHUHQW FODVVHV RI NLQDVHV PDLQO\ JURXSHG XQGHU $*&&$0.
3URWHLQ.LQDVH$*&DQG&DOFLXP&DOPRGXOLQUHJXODWHGNLQDVHVDQG7.7\URVLQH
NLQDVH LQKLELWRU FDWHJRULHV DQG RQH EURDGVSHFWUXP NLQDVH LQKLELWRU 6WDXURVSRULQH
676 $OO WHVWHG LQKLELWRUV VKRZHG HIILFLHQW GRZQUHJXODWLRQ RI NQRZQ SKRVSKRU\ODWHG
WDUJHWSURWHLQV6XSSOHPHQWDU\)LJ6$&RQVLVWHQWZLWK WKH LQKHUHQWNLQDVH LQKLELWRU
UHVLVWDQFH RI *%0  QR DSSDUHQW LQGXFWLRQ RI DSRSWRVLV ZDV REVHUYHG E\
WUHDWPHQWZLWKDQ\RIWKHWHVWHGLQKLELWRUVLQWKHFRQWUROVL51$WUDQVIHFWHGFHOOV)LJ$
JUH\EDUV$OVR30(GHSOHWLRQDORQHGLGQRWLQGXFHVWURQJDSRSWRWLFSKHQRW\SH)LJ
$ EODFN EDU LQ FRQWURO ,Q FRQWUDVW 30( VLOHQFHG *%0 FHOOV GLVSOD\HG HQKDQFHG
VHQVLWLYLW\WRVHYHUDORINLQDVHLQKLELWRUVPRVWQRWDEO\REVHUYHGZLWK+6XQLWLQLEDQG
/<)LJ$EODFNEDUV+RZHYHUWKHVWURQJHVWV\QWKHWLFDOO\OHWKDODFWLYLW\ZDV
REVHUYHGLQ30(GHILFLHQWFHOOVWUHDWHGZLWKPXOWLNLQDVHLQKLELWRU6WDXURVSRULQH676
)LJ $ 7KH 676LQGXFHG V\QWKHWLF OHWKDOLW\ LQ 30( VLOHQFHG FHOOV ZDV GRVH
GHSHQGHQW DQG QRW GXH WR VL51$ RIIWDUJHW HIIHFWV 6XSSOHPHQWDU\ )LJ 6%)
)XUWKHUPRUH WKH FRPELQDWLRQ RI 30( LQKLELWLRQ DQG 676 UHVXOWHG LQ YHU\ HIILFLHQW
LQKLELWLRQRIFORQRJHQLFLW\RIERWK7*DQG80*JOLREODVWRPDFHOOV)LJ%DQG&
:KHUHDVWKHV\QWKHWLFOHWKDOLW\ZDVQRWREVHUYHGLQQRUPDODVWURF\WHVLVRODWHGIURPWKH
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UDWKLSSRFDPSXV)LJ'DQG6XSSOHPHQWDU\)LJ6*RULQRWKHUW\SHVRIFDQFHUFHOO
OLQHVWKDQJOLRPDV6XSSOHPHQWDU\)LJ6+
*LYHQWKHSRWHQF\RI676DQGLWVVHOHFWLYLW\IRUJOLRPDVZHIRFXVHGRQ676DVDPRGHO
FRPSRXQGWRVWXG\WKHUROHRI30(LQPHGLDWLQJNLQDVHLQKLELWRUUHVLVWDQFHLQJOLRPD
FHOOV&RQVLVWHQWZLWKWKHQXFOHDUIUDJPHQWDWLRQDVVD\ZHIRXQGVLJQLILFDQWO\LQFUHDVHG
FDVSDVHDFWLYLW\ XSRQ FRPELQDWLRQ WUHDWPHQW )LJ ()XUWKHUPRUH SDQFDVSDVH
LQKLELWRU =9$')0. RU FRGHSOHWLRQ RI SURDSRSWRWLF %+ IDPLO\ SURWHLQ %$'
FRPSOHWHO\ EORFNHG WKH DSRSWRVLV LQGXFWLRQ )LJ )* DQG 6XSSOHPHQWDU\ )LJ 6,
+RZHYHU %$' DFWLYDWLRQ E\ D VPDOO PROHFXOH %FO[/ LQKLELWRU $%7 ZDV QRW
VXIILFLHQW WR V\QHUJLVWLFDOO\ LQGXFH DSRSWRVLV LQ FRPELQDWLRQ ZLWK 676 WUHDWPHQW )LJ
+7KHVHUHVXOWVLQGLFDWHWKDW30(LQKLELWVDSRSWRWLFUHVSRQVHHYHQLQJOLRPDFHOOV
ZLWKDFWLYDWHG%$' 
PME-1 drives resistance to clinically relevant indolocarbazole derivatives in GBM 
cell lines and in patient derived glioma-stem cells (GSCs) 
0DQ\LQGRORFDUED]ROHDQDORJVRI676KDYHPRUHVSHFLILFNLQDVHLQKLELWLRQSURILOHVWKDQ
676 DQG DUH ZHOO WROHUDWHG LQ SDWLHQWV  6XSSOHPHQWDU\ 7DEOH 6 (VSHFLDOO\
&(3/HVWDXUWLQLEDQG3.&0LGRVWDXULQKDYHSURJUHVVHGWRSKDVHFOLQLFDO
WULDOV LQ KHPDWRORJLFDO FDQFHUV 6XSSOHPHQWDU\ 7DEOH 6 7KXV ZH VFUHHQHG D
FROOHFWLRQRI676DQDORJV IRU V\QWKHWLF OHWKDOLW\ LQ30(GHSOHWHGJOLREODVWRPDFHOOV
6FUHHQLQJ LGHQWLILHG 3.& &(3 .D DQG 8&1 DV KLJKO\ SRWHQW
V\QWKHWLFDOO\ OHWKDOFRPSRXQGV LQ30(GHSOHWHG7*FHOOV )LJ$7KHVHUHVXOWV
ZHUHYDOLGDWHGE\FRORQ\JURZWKDVVD\VXVLQJ7*80*DQG80*JOLRPDFHOO
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OLQHV )LJ % & 6XSSOHPHQWDU\ )LJ 6$ DQG 6% 0RUHRYHU LGHQWLILFDWLRQ RI
VHYHUDOHIIHFWLYH676GHULYDWLYHVHQDEOHGXVWRSHUIRUPDVWUXFWXUHDFWLYLW\UHODWLRQVKLS
6$5 DQDO\VLV WR XQFRYHU WKH VWUXFWXUDO GHWHUPLQDQWV RI LQGRORFDUED]ROH FRPSRXQGV
UHOHYDQWIRUV\QWKHWLFOHWKDOLW\LQ30(GHSOHWHGFHOOV6XSSOHPHQWDU\7DEOH6
,PSRUWDQWO\ 30(GULYHQ UHVLVWDQFH WR DFWLYH LQGRORFDUED]ROHV LV QRW UHVWULFWHG WR in 
vitro FHOO FXOWXUH EXW RFFXUV DOVR LQ in vivo HQYLURQPHQW. 30( VLOHQFHG 80*
[HQRJUDIWWXPRUVVKRZHGPDUNHGO\HQKDQFHGUHVSRQVHVWR8&1DVFRPSDUHGWRWKH
VFUDPEOHG VL51$ WUDQVIHFWHG WXPRUV )LJ 'DQG( ,QSDUDOOHO FHOO FXOWXUHV30(
VL51$ ZDV IRXQG WR VLOHQFH 30( H[SUHVVLRQ IRU XS WR  GD\V SRVWWUDQVIHFWLRQ
6XSSOHPHQWDU\ )LJ 6& 3UHIHUHQWLDO DQWLWXPRULJHQLF DFWLYLW\ RI 30( VL51$ DQG
8&1 FRPELQDWRULDO WKHUDS\ ZDV IXUWKHU YDOLGDWHG E\ LQWUDWXPRU GHOLYHU\ RI 30(
VL51$ ZLWKLQ HVWDEOLVKHG 80*OXF [HQRJUDIW WXPRUV LQ PLFH VXEVHTXHQWO\ WUHDWHG
ZLWK8&16XSSOHPHQWDU\)LJ6'DQG6(
&DQFHU VWHP FHOOV JOLRPD VWHP FHOOV *6&V DUH LPSRUWDQW GHWHUPLQDQWV RI WKHUDS\
UHVLVWDQFH LQ JOLREODVWRPD  7KHUHIRUH ZH HYDOXDWHG ZKHWKHU WKH UHVXOWV RI WKLV
VWXG\ZRXOGDOVREH UHOHYDQW WR*6&V 7KHVWHPFHOO LGHQWLW\RI*6&SRSXODWLRQ
ZDVGHPRQVWUDWHGE\H[SUHVVLRQRIVHYHUDOVWHPFHOOPDUNHUVVXFKDV&'62;
2OLJDQG&'6XSSOHPHQWDU\)LJ6)0RUHRYHUZHKDYHSUHYLRXVO\VKRZQ WKDW
WKHVH*6&VGLVSOD\FKDUDFWHULVWLFLQILOWUDWLYHJURZWKSDWWHUQLQLQWUDFUDQLDOin vivo PRGHO
 ,QGHHG D VLJQLILFDQW LQKLELWLRQ RI FRORQ\ JURZWK ZDV REVHUYHG LQ 30(
GHSOHWHG*6&V(DQG5FHOO OLQHV WUHDWHGZLWKHLWKHU676RU8&1 )LJ)*
DQG6XSSOHPHQWDU\)LJ6*+
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7KHVH UHVXOWV GHPRQVWUDWH WKDW 30( SURPRWHV UHVLVWDQFH WR PXOWLSOH FOLQLFDOO\
DSSOLFDEOH LQGRORFDUED]ROH NLQDVH LQKLELWRUV LQ VHYHUDO JOLRPD FHOO OLQHV DQG LQ WKH
WKHUDS\UHVLVWDQW*6&V
Reactivation of specific PP2A complexes is required for PME-1 depletion-
mediated synthetic lethality
$VH[SHFWHGZHIRXQGHOHYDWHGSKRVSKDWDVHDFWLYLW\LQ33$LPPXQRSUHFLSLWDWHVIURP
30(VLOHQFHGFHOOVDVFRPSDUHGWRWKRVHIURPFRQWUROFHOOV)LJ$7KHLQKLELWLRQ
RI33$FDWDO\WLFDFWLYLW\E\VHPLVHOHFWLYHFKHPLFDO LQKLELWRU2NDGDLFDFLG2$LQWXUQ
UHVFXHG WKH FHOOV IURP 676LQGXFHG V\QWKHWLF OHWKDOLW\ LQ D GRVHGHSHQGHQW PDQQHU
)LJ%+RZHYHUWKHFKHPLFDOLQKLELWLRQRI30(PHWK\OHVWHUDVHDFWLYLW\E\$%/
 IDLOHG WRVKRZDQ\V\QWKHWLF OHWKDOLW\ZLWK676 LQ*%0FHOOV 6XSSOHPHQWDU\)LJ
6$%DVHGRQWKHVHUHVXOWVLWLVOLNHO\WKDW30(PHGLDWHGGLUHFWLQKLELWLRQRI33$
FDWDO\WLF DFWLYLW\  UDWKHU WKDQ LWV PHWK\OHVWHUDVH DFWLYLW\  LV UHOHYDQW IRU
UHVLVWDQFHWRDSRSWRVLVE\NLQDVHLQKLELWRUV
$OWKRXJK 33$ KDV EHHQ SUHYLRXVO\ FRQVLGHUHG DV D QRQVSHFLILF KRXVHNHHSLQJ
SKRVSKDWDVHUHFHQWHYLGHQFHVXJJHVWVWKDW33$FRPSOH[HVGLIIHUHQWLDOO\UHJXODWHGE\
HQGRJHQRXV LQKLELWRU PHFKDQLVPV VHOHFWLYHO\ GHSKRVSKRU\ODWH VSHFLILF WDUJHWV 
)LJ&7KHUHE\ZHZDQWHG WRVWXG\ZKHWKHU WKHREVHUYHGV\QWKHWLF OHWKDOLW\FRXOG
EHDFKLHYHGE\RWKHUPHDQVRI33$UHDFWLYDWLRQ1RWDEO\QHLWKHUGHSOHWLRQRIDQRWKHU
33$ LQKLELWRU SURWHLQ &,3$  QRU FKHPLFDO FRPSRXQGV SUHYLRXVO\ XVHG WR
UHDFWLYDWH33$ LQFDQFHUFHOOV  LQGXFHGVLJQLILFDQWV\QWKHWLF OHWKDOLW\ )LJ'(
DQG6XSSOHPHQWDU\)LJ6%
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1H[W ZH ZDQWHG WR XQFRYHU WKH LQYROYHPHQW RI VSHFLILF %VXEXQLW FRQWDLQLQJ 33$
WULPHUVLQ30(UHJXODWHGNLQDVHLQKLELWRUUHVLVWDQFH7RWKLVHQGZHHPSOR\HG51$L
PHGLDWHG FRGHSOHWLRQ RI 30( ZLWK 33$ %VXEXQLWV IURP 3335 DQG 3335
IDPLOLHV DV WKH\ KDYH SUHYLRXVO\ EHHQ LPSOLFDWHG LQ 30(PHGLDWHG SURFHVVHV 
,QWHUHVWLQJO\ GHSOHWLRQ RI RQO\ VRPH PHPEHUV RI WKHVH %VXEXQLW IDPLOLHV QDPHO\
3335$ 3335$ DQG 3335% VLJQLILFDQWO\ UHGXFHG V\QWKHWLF OHWKDOLW\ )LJ )
DQG 6XSSOHPHQWDU\ )LJ 6& 7RJHWKHU WKHVH UHVXOWV LQGLFDWH WKDW WKH REVHUYHG
V\QWKHWLF OHWKDOLW\ LVPHGLDWHGE\VSHFLILF30(UHJXODWHG33$FRPSOH[HV1RWDEO\
EDVHG RQ F%LR3RUWDO 7&*$ GDWDEDVH  *%0 SDWLHQWV GR QRW VKRZ JHQHWLF
DOWHUDWLRQV LQ DQ\ RI WKH 33$ VXEXQLWV )LJ * $V 33$ VHHPV WR EH JHQHWLFDOO\
LQWDFW LQKXPDQJOLRPDV WKLV LQGLFDWHV WKDW30(RYHUH[SUHVVLRQFRXOGEHDGLVHDVH
UHOHYDQW PHFKDQLVP RI 33$ LQKLELWLRQ LQ WKLV GLVHDVH )XUWKHUPRUH LQKLELWLRQ RI
RYHUH[SUHVVHG 30( LQ JOLRPDV  PLJKW UHVXOW LQ WKHUDSHXWLF UHDFWLYDWLRQ RI
JHQHWLFDOO\LQWDFW33$SKRVSKDWDVHFRPSOH[HV
HDAC4 mediates PME-1-driven kinase inhibitor resistance  
7R GLVFRYHU SRWHQWLDO GRZQVWUHDP WDUJHWV RI 33$ UHVSRQVLEOH IRU 30( UHJXODWHG
NLQDVHLQKLELWRUUHVLVWDQFHWKHH[LVWLQJOLWHUDWXUHZDVVWXGLHGWRFUHDWHDOLVWRISURWHLQV
NQRZQWRLQWHUDFWZLWK%VXEXQLWV3335$3335$DQG3335%6XSSOHPHQWDU\
7DEOH 6  :H LQKLELWHG VRPH RI WKHVH SURWHLQV ZLWK VL51$ RU ZLWK VSHFLILF
FKHPLFDO LQKLELWRUVDQGVXEVHTXHQWO\ WUHDWHG WKHFHOOVZLWK WKHPRGHOFRPSRXQG676
)LJ $% ,QWHUHVWLQJO\ GHSOHWLRQ RI 0<& DQG +'$& VHOHFWLYHO\ SKHQRFRSLHG WKH
30( GHSOHWLRQLQGXFHG V\QWKHWLF OHWKDOLW\ )LJ $% *LYHQ WKDW +'$& ZDV
GRZQUHJXODWHG LQFHOOV WUDQVIHFWHGZLWK0<&VL51$EXW+'$&VL51$GLGQRWDIIHFW
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0<&H[SUHVVLRQ)LJ&ZHSRVWXODWH+'$&LVWKHSRWHQWLDO30(WDUJHWDQGWKDW
WKHV\QWKHWLFOHWKDOLW\VHHQLQWKH0<&VLOHQFHGFHOOVZDVDOVRGXHWR+'$&LQKLELWLRQ
6LPLODUO\WR30(DOVR+'$&GHSOHWLRQUHGXFHGFORQRJHQLFLW\RI676WUHDWHGJOLRPD
FHOOV )LJ '( ,PSRUWDQWO\ +'$& DQG 30( GHSOHWHG FHOOV VKRZHG FRUUHODWLYH
VHQVLWLYLW\ SURILOHV WR GLIIHUHQW LQGRORFDUED]ROH DQDORJV ERWK LQ QXFOHDU IUDJPHQWDWLRQ
)LJ)DQG6XSSOHPHQWDU\)LJ6$DQG LQFORQRJHQLFLW\DVVD\V )LJ*+'$&
GHSOHWLRQ DOVR VLJQLILFDQWO\ VHQVLWL]HG *6& FXOWXUHV WR 676 DQG 8&1LQGXFHG
LQKLELWLRQRIFRORQ\JURZWK)LJ+,7KHVHUHVXOWVZHUHFRQILUPHGLQDQRWKHUSDWLHQW
GHULYHG*6&FHOO OLQH%7DQG LWV&'HQULFKHGVXESRSXODWLRQ6XSSOHPHQWDU\)LJ
6%' $GGLWLRQDOO\ FRGHSOHWLRQ RI 30( DQG +'$& LQGXFHG DSRSWRVLV DV
HIILFLHQWO\DVGHSOHWLRQRIHLWKHURI WKHPDORQH )LJ-DQG6XSSOHPHQWDU\)LJ6(
)XUWKHUPRUH VLPLODU WR 30( )LJ * VLPXOWDQHRXV GHSOHWLRQ RI %$' DQG +'$&
UHVFXHGWKHFHOOV IURPV\QWKHWLF OHWKDOLW\)LJ.DQG6XSSOHPHQWDU\)LJ6)7KXV
LGHQWLFDO V\QWKHWLF OHWKDOLW\ UHVSRQVHSURILOH LQ30(DQG+'$&GHSOHWHGFHOOV )LJ
).DQGDEVHQFHRIDQ\DGGLWLYHRUV\QHUJLVWLFHIIHFWVXSRQGHSOHWLRQRI30(DQG
+'$&)LJ-VWURQJO\LQGLFDWHVWKDW+'$&PHGLDWHV30(GULYHQNLQDVHLQKLELWRU
UHVLVWDQFHLQ*%0
,PSRUWDQWO\FRGHSOHWLRQRI3335$%VXEXQLWLPSOLFDWHGLQ30(GHSOHWLRQLQGXFHG
V\QWKHWLF OHWKDOLW\ )LJ ) GLG QRW EORFN V\QWKHWLF OHWKDOLW\ LQ +'$& GHSOHWHG FHOOV
)LJ / 7KLV IXUWKHU LQGLFDWHV WKDW 30( DQG 33$ IXQFWLRQ XSVWUHDP RI +'$&
)XUWKHUPRUH SUR[LPLW\ OLJDWLRQ DVVD\V 3/$ XVLQJ DQWL+'$& WRJHWKHU ZLWK HLWKHU
DQWL33$ &ĮVXEXQLW RU DQWL3335$ DQWLERGLHV UHYHDOHG D SK\VLFDO DVVRFLDWLRQ
EHWZHHQ+'$&DQGWKLVVSHFLILF%VXEXQLWFRQWDLQLQJ33$FRPSOH[)LJ0
.DXUHWDO
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Loss of cytoplasmic HDAC4 predisposes to kinase inhibitor-induced synthetic 
lethality 
,QXQSHUWXUEHGFHOOVPDMRULW\RI+'$&LVORFDOL]HGWRWKHF\WRSODVPDQGSDUWLFXODUO\LQ
FHUWDLQQHXURQDOFHOOVWKHORVVRIF\WRVROLF+'$&KDVEHHQDVVRFLDWHGZLWKLQGXFWLRQ
RIFHOOGHDWK6XSSRUWLYHRIVXUYLYDOUROHRIF\WRSODVPLF+'$&DOVRLQJOLRPD
FHOOVZHREVHUYHGSUHGRPLQDQWO\F\WRSODVPLFORFDOL]DWLRQRIHQGRJHQRXV+'$&LQWKH
7* FHOOV )LJ $ DV ZHOO DV LQ JOLRPD SDWLHQW WXPRU WLVVXH )LJ % 1RWDEO\ DV
VKRZQ LQ ILJXUH 0 DOVR WKH +'$&3335$ DVVRFLDWLRQ ZDV SUHGRPLQDQWO\
ORFDOL]HG LQ WKH F\WRSODVP &RQVLVWHQW ZLWK SURVXUYLYDO DFWLYLW\ RI F\WRVROLF +'$&
30(GHSOHWLRQLQGXFHGWUDQVORFDWLRQRI+'$&*)3IURPF\WRSODVP
WR WKH QXFOHXV )LJ & 0RUHRYHU ORVV RI F\WRVROLF +'$& DFWLYLW\ XSRQ 30(
GHSOHWLRQZDVVXSSRUWHGE\ LQFUHDVHGDFHW\ODWLRQRIVHYHUDOF\WRVROLFSURWHLQVZKRVH
DFHW\ODWLRQZDVLQGXFHGDOVRLQ+'$&GHSOHWHGFHOOV)LJ'
%DVHG RQ SUHYLRXV VWXGLHV 30( GHSOHWLRQ FRXOG SURPRWH +'$& QXFOHDU
WUDQVORFDWLRQ E\ GHSKRVSKRU\ODWLRQ RI 6HU   8QIRUWXQDWHO\ GXH WR ODFN RI
SKRVSKR6HU+'$&DQWLERG\ZHFRXOGQRWFRQILUPWKLVDVVXPSWLRQ)XUWKHUPRUH
ZH GLG QRW REVHUYH UHGXFWLRQ LQ WKH SKRVSKRU\ODWLRQ RI F\WRVROLF  ELQGLQJ
UHVLGXHV 6HU  RU 6HU  RI +'$& E\ 30(GHSOHWLRQ )LJ ( DQG
6XSSOHPHQWDU\ )LJ 6$ +RZHYHU LQ OLQH ZLWK SUHYLRXV GHPRQVWUDWLRQ RI QXFOHDU
WUDQVORFDWLRQ RI +'$& XSRQ 676PHGLDWHG LQKLELWLRQ RI +'$& SKRVSKRU\ODWLQJ
NLQDVHV+'$&SKRVSKRU\ODWLRQDWWKHVHUHVLGXHVZDVUHGXFHGXSRQKRXUV
WUHDWPHQW ZLWK 676 )LJ ( DQG 6XSSOHPHQWDU\ )LJ 6$ ,PSRUWDQWO\ WRWDO +'$&
H[SUHVVLRQZDVGRZQUHJXODWHGE\FRPELQDWLRQRI30(GHSOHWLRQDQG676WUHDWPHQW
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)LJ (7KHUHIRUH WKH FRPELQHG HIIHFWV RI +'$& QXFOHDU WUDQVORFDWLRQ E\ 30(
GHSOHWLRQ DQG 676HOLFLWHG LQKLELWLRQ RI 6HU  DQG 6HU  SKRVSKRU\ODWLRQ
V\QHUJLVWLFDOO\LQKLELWF\WRSODVPLF+'$&H[SUHVVLRQDQGWKXVWULJJHUV\QWKHWLFOHWKDOLW\
XQGHU676H[SRVXUH)LJ%,
7RDGGUHVVZKHWKHUH[LVWLQJVPDOOPROHFXOH+'$& LQKLELWRUVFRXOGEHXVHG WR LQGXFH
V\QWKHWLF OHWKDOLW\ WRJHWKHU ZLWK 676 DQG LWV GHULYDWLYHV LQ JOLRPD FHOOV ZH FRPSDUHG
HIIHFWV RI WKUHH LQKLELWRUV RXW RI ZKLFK ERWK ). 5RPLGHSVLQ DQG 3DQRELQRVWDW
LQKLELW+'$&DFWLYLW\ LQ WKHQDQRPRODU UDQJHZKHUHDV6$+$ GRHVQRW  )LJ
) ,QGHHG LQKLELWLRQ RI +'$& DFWLYLW\ E\ ). RU 3DQRELQRVWDW VKRZHG VLPLODU
V\QWKHWLF OHWKDOLW\ LQ FRPELQDWLRQ ZLWK 676 RU 8&1 WUHDWPHQW DV ZLWK 30( RU
+'$&VLOHQFLQJ)LJ*+DQG6XSSOHPHQWDU\)LJ6%+RZHYHUQRHYLGHQFHIRU
V\QWKHWLF OHWKDO DFWLYLW\ ZDV REVHUYHG LQ FHOOV FRWUHDWHG ZLWK 6$+$ )LJ , HYHQ
WKRXJK WKH WHVWHG FRQFHQWUDWLRQV RI DOO WKUHH +'$& LQKLELWRUV ZHUH IRXQG WR LQKLELW
GHDFHW\ODWLRQ RI +LVWRQH + 6XSSOHPHQWDU\ )LJ 6& \HOORZ EDUV 1RWDEO\ FHOOV
WUHDWHG ZLWK ). DQG 3DQRELQRVWDW DOVR VKRZHG UHGXFHG OHYHOV RI +'$& SURWHLQ
6XSSOHPHQWDU\)LJ6&JUHHQEDUV FRUUHODWLQJDJDLQ+'$&H[SUHVVLRQVWDWXV WR
VHQVLWLYLW\WRZDUGV676HOLFLWHGV\QWKHWLFOHWKDODFWLYLW\
Therapeutic vulnerability in human glioblastoma based on PME-1/HDAC4/BAD 
status 
3UHYLRXVO\ E\ LPPXQRKLVWRFKHPLVWU\ ,+& DQDO\VLV LW KDV EHHQ VKRZQ WKDW  RI
SULPDU\ *%0 WXPRUV H[SUHVV HOHYDWHG OHYHOV RI 30( SURWHLQ  6LPLODUO\ JHQH
H[SUHVVLRQDQDO\VLVXVLQJ7&*$*%0FRKRUW VXJJHVWV WKDWDERXWRI WKHSDWLHQW
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WXPRUV DOVR WUDQVFULEH 30( KWWSVJHQRPHFDQFHUXFVFHGX :H VSHFXODWH WKDW
30( SURWHLQ PLJKW EH VWDELOL]HG E\ SRVWWUDQVODWLRQDO PHFKDQLVPV LQ WKLV
VXESRSXODWLRQRI30(P51$H[SUHVVLQJ*%0WXPRUV
7R H[DPLQH FOLQLFDO UHOHYDQFH RI WKH 30(PHGLDWHG +'$& UHJXODWLRQ ZH VWXGLHG
+'$& VWDWXV E\ ,+& IURP WKH VDPH SULPDU\ DVWURF\WLF JOLRPD SDWLHQW PDWHULDO DV
DERYH,PSRUWDQWO\ZHIRXQGDVLJQLILFDQWFRUUHODWLRQEHWZHHQ+'$&H[SUHVVLRQ
DQG F\WRSODVPLF 30( VWDLQLQJ S  6XSSOHPHQWDU\ )LJ 6$ DQG VLPLODU WR
30( +'$& H[SUHVVLRQ ZDV DEVHQW RU ORZ LQ QHDUO\ KDOI  RI WKH DVWURF\WLF
JOLRPDV )LJ $% $ VLJQLILFDQW FRUUHODWLRQ S  EHWZHHQ +'$&
LPPXQRSRVLWLYLW\DQGWKHJUDGHRIDVWURF\WLFWXPRUVZDVDOVRREVHUYHG)LJ%
%DVHG RQ WKHVH GDWD DSSUR[LPDWHO\  RI JOLRPD SDWLHQWV FRXOG GLVSOD\
LQGRORFDUED]ROHVHQVLWLYHSKHQRW\SHEDVHGRQWKHLU ORZ30(RU+'$&H[SUHVVLRQ
7RPLPLFJOLRPDFHOOVZLWKFRQVWLWXWLYHO\ORZ30(H[SUHVVLRQZHJHQHUDWHGFORQHVRI
7*FHOOV VWDEO\H[SUHVVLQJHLWKHU*)3 &RQWURO RU30( WDUJHWLQJVK51$ ,Q OLQH
ZLWKWKHUHTXLUHPHQWIRUKLJK30(H[SUHVVLRQIRUVXSSRUWLQJWKHJURZWKRIKLJKJUDGH
JOLRPDVWKHPD[LPDOWROHUDWHGLQKLELWLRQRI30(H[SUHVVLRQZDVDERXW)LJ
& ,PSRUWDQWO\ WKH LVRJHQLF FHOO OLQHV ZLWK PRGHVWO\ UHGXFHG 30( H[SUHVVLRQ
VK51$ 30(  DQG  FORQHV VKRZHG UREXVW VHQVLWLYLW\ WR .D DQG &(3
WUHDWPHQW LQ ERWK WKH FRORQ\ JURZWK )LJ '( DQG WKH FHOO YLDELOLW\ DVVD\V
6XSSOHPHQWDU\)LJ6%
3UHIHUHQWLDO NLQDVH LQKLELWRU VHQVLWLYLW\ RI 30( DQG +'$& ORZ JOLRPD FHOOV LV
GHSHQGHQWRQWKH%$'H[SUHVVLRQ)LJ*DQG.7KHUHE\ZHIXUWKHUDVVHVVHG%$'
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LPPXQRSRVLWLYLW\ IURP WKHVDPHSDWLHQWPDWHULDO7KH%$' ,+&DQDO\VLV UHYHDOHG WKDW
DERXWRIJOLRPDVH[KLELWHGPRGHUDWHWRKLJK%$'H[SUHVVLRQ)LJ$)DQG*
7KHUHE\ IROORZLQJ WKH SDWLHQW WXPRU 30(ORZ%$'KLJK RU +'$&ORZ%$'KLJK
SKHQRW\SHVZHZHUHDEOHWRLGHQWLI\DERXWDQGJOLRPDSDWLHQWVUHVSHFWLYHO\
WKDWFRQVWLWXWHWKHSRWHQWLDOUHVSRQGHUVXEJURXSWRWKHLQGRORFDUED]ROHNLQDVHLQKLELWRU
PRQRWKHUDSLHV )LJ ) * DQG + $OWHUQDWLYHO\  RI JOLRPD SDWLHQWV ZLWK
+'$&KLJK%$'KLJK SKHQRW\SH FRXOG SRWHQWLDOO\ EHQHILW IURP FRPELQDWLRQ WKHUDS\ ZLWK
VPDOOPROHFXOH+'$&LQKLELWRUVDQGVHOHFWHGNLQDVHLQKLELWRUV)LJ*DQG+
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'LVFXVVLRQ
*OLRPDFHOOVH[KLELW LQWULQVLF UHVLVWDQFH WRPRVW WKHUDSLHVZKLFK LV UHIOHFWHG LQGLVPDO
FOLQLFDOUHVSRQVHUDWHV,QSDUWLFXODUIDLOXUHWRWUHDW*%0SDWLHQWVZLWKYDULRXV
NLQDVH LQKLELWRUV WKDW VKRZ FOLQLFDO DFWLYLW\ LQ RWKHU FDQFHU W\SHV KDV EHHQ FRQIXVLQJ
HVSHFLDOO\LQWKHOLJKWRIJHQHWLFLQIRUPDWLRQWKDW*%0SDUWLFXODUO\LVDGLVHDVHGULYHQE\
UHFHSWRUW\URVLQHNLQDVHVLJQDOLQJ+HUHZHUHSRUW30(PHGLDWHGLQKLELWLRQRI
33$DVDQXQSUHFHGHQWHGH[SODQDWLRQRI*%0FHOO UHVLVWDQFH WRDW OHDVW UHDVRQDEOH
VSHFWUXPRIGLIIHUHQWNLQDVHLQKLELWRUV
,QKLELWLRQRI33$WXPRUVXSSUHVVRUDFWLYLW\LVUHTXLUHGIRUPDOLJQDQWWUDQVIRUPDWLRQRI
YDULRXV W\SHV RI QRUPDO FHOOV DQG SURPRWHV PDOLJQDQF\ LQ PDQ\ W\SHV RI KXPDQ
FDQFHUV  +RZHYHU WKH IXQFWLRQDO UHOHYDQFH RI 33$ DV D WXPRU VXSSUHVVRU LQ
*%0 KDVQRW EHHQ H[WHQVLYHO\ VWXGLHG ,QWHUHVWLQJO\ EDVHG RQ 7&*$ DQDO\VLV *%0
KDUERUV YHU\ IHZ JHQHWLF DOWHUDWLRQV WKDW ZRXOG GLUHFWO\ DIIHFW 33$ FRPSOH[HV )LJ
*7KXVRXUSUHYLRXVDQGFXUUHQWLGHQWLILFDWLRQRI30(DVDFOLQLFDOO\UHOHYDQW
KXPDQJOLRPDRQFRSURWHLQSURYLGHWKXVIDUWKHEHVWXQGHUVWRRGPHFKDQLVPKRZ33$
LVLQKLELWHGLQKXPDQJOLRPDVDQGLQ*%030(LVNQRZQWRDIIHFWWKHDFWLYLW\RIRQO\
FHUWDLQ 33$ FRPSOH[HV  &RQVLVWHQWO\ ZH IRXQG UHPDUNDEOH VHOHFWLYLW\ DPRQJ
33$ %VXEXQLW FRQWDLQLQJ FRPSOH[HV WKDW PHGLDWH 30(GULYHQ NLQDVH LQKLELWRU
UHVLVWDQFH)LJ)DQG6XSSOHPHQWDU\)LJ6&
+'$&DVVRFLDWHVZLWK33$%VXEXQLWV LGHQWLILHGKHUH WRPHGLDWH30(GHSOHWLRQ
LQGXFHGV\QWKHWLFOHWKDOLW\)LJ02QWKHRWKHUKDQGORVVRIF\WRVROLF+'$&
KDVEHHQVKRZQWR LQGXFHDSRSWRVLV LQQHXURQDOPRGHOV:HH[WHQGWKHVH
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ILQGLQJVE\VKRZLQJ IRU WKH ILUVW WLPH WKDW LQKXPDQJOLRPDSDWLHQWVDPSOHV+'$& LV
SUHGRPLQDQWO\F\WRVROLFDQGWKDWDFHW\ODWLRQRI\HWWREHLGHQWLILHGF\WRVROLFSURWHLQVLV
UHJXODWHG E\ 30( LQ JOLRPD FHOOV 5ROH IRU +'$& DV D FULWLFDO WDUJHW IRU 30(
GULYHQNLQDVHLQKLELWRUUHVLVWDQFHZDVIXUWKHUYDOLGDWHGE\VLJQLILFDQWFRUUHODWLRQRI30(
DQG+'$&IXQFWLRQ WRZDUGVD OLEUDU\RI676GHULYDWLYHV)LJ)*DVZHOODVE\
LQGXFWLRQ RI V\QWKHWLF OHWKDOLW\ E\ VPDOO PROHFXOH LQKLELWRUV RI +'$& DFWLYLW\ LQ
FRPELQDWLRQ ZLWK 8&1 DQG 676 1DWXUDOO\ EDVHG RQ RXU GDWD ZH FDQQRW H[FOXGH
SRWHQWLDOFRQWULEXWLRQRIRWKHU33$WDUJHWSURWHLQVLQPHGLDWLQJDWOHDVWSDUWO\WKH30(
GULYHQNLQDVHLQKLELWRUUHVLVWDQFHSKHQRW\SH&OHDUO\KLJKOLJKWLQJWKHSRWHQWLDOFOLQLFDO
DSSOLFDELOLW\RIRXUUHVXOWVIRUIXWXUH*%0WKHUDS\3DQRELQRVWDWDQG).KDYHEHHQ
DSSURYHGIRUWKHUDS\RIPXOWLSOHP\HORPDDQGFXWDQHRXV7FHOOO\PSKRPDUHVSHFWLYHO\
DQGZLWK3DQRELQRVWDWFOLQLFDOWULDOVKDYHEHHQFRQGXFWHGLQDGXOWJOLRPDVDQG
DUHXQGHUZD\LQSHGLDWULFJOLRPDV
%$' ZDV VKRZQ WR EH HVVHQWLDO IRU V\QWKHWLF OHWKDOLW\ LQGXFHG E\ HLWKHU 30( RU
+'$&GHSOHWLRQ%$'DFWVDVDQRGHEHWZHHQXSVWUHDPVXUYLYDOVLJQDOLQJSDWKZD\V
DQG GRZQVWUHDP DSRSWRVLV VLJQDOLQJ +RZHYHU WKHVH UHVXOWV GR QRW UXOH RI WKH
SRVVLELOLW\ RI RWKHU %+RQO\ SURDSRSWRWLF SURWHLQV WR EH LQYROYHG LQ WKLV UHVSRQVH
,PSRUWDQWO\UHVXOWVZLWK%$'GHSOHWLRQDOORZHGXVWRIXUWKHUVFUXWLQL]HSRWHQWLDOFOLQLFDO
DSSOLFDELOLW\ RI RXU UHVXOWV IRU GLDJQRVWLF VWUDWLILFDWLRQ RI *%0 SDWLHQWV 2XU UHVXOWV
LQGLFDWH WKDW 30(ORZ%$'KLJK RU +'$&ORZ%$'KLJK SKHQRW\SH LQ GLDJQRVWLF *%0
ELRSV\PLJKWVHUYHDVDELRPDUNHUIRUVWUDWLILFDWLRQRISDWLHQWVWRWUHDWPHQWZLWKNLQDVH
LQKLELWRUVVXFKDV&(3/HVWDXUWLQLEDQG3.&0LGRVWDXULQWKDWDUHFXUUHQWO\
EHLQJ WHVWHG LQ SKDVH  FOLQLFDO WULDOV ZZZFOLQLFDOWULDOVJRY 7KH SDWLHQWV ZLWK 30(
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KLJK%$'KLJK RU +'$&KLJK%$'KLJK WXPRU SKHQRW\SH RQ WKH RWKHU KDQG FRXOG EHQHILW
IURPWKHFRPELQHG33$UHDFWLYDWRUFRPSRXQGRU+'$&LQKLELWRUDQGNLQDVHLQKLELWRU
WKHUDSLHV7KHSULQFLSOHVRISRWHQWLDOIXWXUHFOLQLFDOWULDOVEDVHGRQWKHSURSRVHGVFKHPH
DUHGHSLFWHGLQ)LJ+
,QVXPPDU\ UHVXOWVRI WKLVVWXG\UHYHDODQXQSUHFHGHQWHGPHFKDQLVPE\ZKLFK*%0
FHOOV FDQ UHVLVW FHOONLOOLQJDFWLYLW\RI NLQDVH LQKLELWRUV WDUJHWLQJYDULRXVVXUYLYDO NLQDVH
SDWKZD\V 7KH ZRUN DOVR LGHQWLILHV ERWK 30( DQG +'$& DV FRQWH[WGHSHQGHQW
VXUYLYDOIDFWRUVLQ*%0DQGDVSRWHQWLDOWDUJHWVIRUIXWXUHFRPELQDWLRQWKHUDSLHV
 
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
$FNQRZOHGJHPHQWV
$XWKRUVWKDQN3URI$UL+LQNNDQHQ3URI%HQMDPLQ&UDYDWW3URI6WXDUW/6FKUHLEHU'U
(OHDQRU&RIIH\'U3lLYL.RVNLQHQ'U3DQX-DDNNRODDQG'U&ROLQ:DWWVIRUJHQHURXV
VXSSRUW RI UHVHDUFK PDWHULDOV 7DLQD.DOHYR 0DWWLOD DQG ,QJD 3XNRQHQ DUH
DFNQRZOHGJHG IRU WKHLU VNLOOIXO DVVLVWDQFH DQG KHOS $XWKRUV DUH YHU\ JUDWHIXO WR 3URI
'DYLG9LUVKXSDQG3URI-RKDQQD,YDVNDIRUFULWLFDOFRPPHQWVRQWKHPDQXVFULSW7XUNX
&HQWUH IRU 'LVHDVH 0RGHOOLQJ 7&'0 LV DFNQRZOHGJHG IRU H[SHUW KHOS ZLWK PRXVH
H[SHULPHQWV 
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5HIHUHQFHV
 &KHQ - 0F.D\ 50 3DUDGD /) 0DOLJQDQW JOLRPD OHVVRQV IURP JHQRPLFV
PRXVHPRGHOVDQGVWHPFHOOV&HOO
 'XQQ *3 5LQQH 0/ :\NRVN\ - *HQRYHVH * 4XD\OH 61 'XQQ ,) HW DO
(PHUJLQJ LQVLJKWV LQWR WKHPROHFXODU DQG FHOOXODU EDVLV RI JOLREODVWRPD*HQHV
'HY
 .UDNVWDG & &KHNHQ\D 0 6XUYLYDO VLJQDOOLQJ DQG DSRSWRVLV UHVLVWDQFH LQ
JOLREODVWRPDV RSSRUWXQLWLHV IRU WDUJHWHG WKHUDSHXWLFV 0ROHFXODU FDQFHU

 -RVKL $' /RLORPH : 6LX ,0 7\OHU % *DOOLD */ 5LJJLQV *- (YDOXDWLRQ RI
W\URVLQH NLQDVH LQKLELWRU FRPELQDWLRQV IRU JOLREODVWRPD WKHUDS\ 3/R6 21(
H
 5HDUGRQ '$ :HQ 3< 0HOOLQJKRII ,. 7DUJHWHG PROHFXODU WKHUDSLHV DJDLQVW
HSLGHUPDOJURZWKIDFWRUUHFHSWRUSDVWH[SHULHQFHVDQGFKDOOHQJHV1HXUR2QFRO
6XSSOYLLL
 :HVWHUPDUFN-+DKQ:&0XOWLSOHSDWKZD\VUHJXODWHGE\WKHWXPRUVXSSUHVVRU
33$LQWUDQVIRUPDWLRQ7UHQGVLQPROHFXODUPHGLFLQH
 6HQWV : ,YDQRYD ( /DPEUHFKW & +DHVHQ ' -DQVVHQV 9 7KH ELRJHQHVLV RI
DFWLYHSURWHLQSKRVSKDWDVH$KRORHQ]\PHVDWLJKWO\UHJXODWHGSURFHVVFUHDWLQJ
SKRVSKDWDVHVSHFLILFLW\)(%6-
 9LUVKXS'06KHQROLNDU6)URPSURPLVFXLW\WRSUHFLVLRQSURWHLQSKRVSKDWDVHV
JHWDPDNHRYHU0RO&HOO
 3HUURWWL '1HYLDQL 3 3URWHLQ SKRVSKDWDVH $ D WDUJHW IRU DQWLFDQFHU WKHUDS\
7KHODQFHWRQFRORJ\H
 2JULV ( 'X ; 1HOVRQ .& 0DN (. <X ;; /DQH :6 HW DO $ SURWHLQ
SKRVSKDWDVH PHWK\OHVWHUDVH 30( LV RQH RI VHYHUDO QRYHO SURWHLQV VWDEO\
DVVRFLDWLQJ ZLWK WZR LQDFWLYH PXWDQWV RI SURWHLQ SKRVSKDWDVH $ - %LRO &KHP

 ;LQJ < /L = &KHQ < 6WRFN -% -HIIUH\ 3' 6KL < 6WUXFWXUDO PHFKDQLVP RI
GHPHWK\ODWLRQDQGLQDFWLYDWLRQRISURWHLQSKRVSKDWDVH$&HOO
 3XXVWLQHQ3-XQWWLOD059DQKDWXSD66DEOLQD$$+HFWRU0(7HLWWLQHQ.HW
DO 30( SURWHFWV H[WUDFHOOXODU VLJQDOUHJXODWHG NLQDVH SDWKZD\ DFWLYLW\ IURP
SURWHLQ SKRVSKDWDVH $PHGLDWHG LQDFWLYDWLRQ LQ KXPDQ PDOLJQDQW JOLRPD
&DQFHU5HV
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 /HH30XUSK\%0LOOHU50HQRQ9%DQLN1/*LJOLR3HWDO0HFKDQLVPVDQG
FOLQLFDO VLJQLILFDQFH RI KLVWRQH GHDFHW\ODVH LQKLELWRUV HSLJHQHWLF JOLREODVWRPD
WKHUDS\$QWLFDQFHU5HV
 3DURQL*&HUQRWWD1'HOOR5XVVR&*DOOLQDUL33DOODRUR0)RWL&HWDO33$
UHJXODWHV+'$&QXFOHDULPSRUW0RO%LRO&HOO
 &DGRW%%UXQHWWL0&RSSDUL6)HGHOL6GH5LQDOGLV('HOOR5XVVR&HWDO
/RVVRIKLVWRQHGHDFHW\ODVHFDXVHVVHJUHJDWLRQGHIHFWVGXULQJPLWRVLVRIS
GHILFLHQWKXPDQWXPRUFHOOV&DQFHU5HV
 &KHQ%&HSNR&/+'$&UHJXODWHVQHXURQDOVXUYLYDO LQQRUPDODQGGLVHDVHG
UHWLQDV6FLHQFH
 /L -&KHQ-5LFXSHUR&/+DUW536FKZDUW]06.XVQHFRY$HWDO1XFOHDU
DFFXPXODWLRQRI+'$&LQ$70GHILFLHQF\SURPRWHVQHXURGHJHQHUDWLRQLQDWD[LD
WHODQJLHFWDVLD1DW0HG
 +HLNNLOD-(9DKD.RVNHOD0-5XRWVDODLQHQ--0DUWLNDLQHQ0:6WDQIRUG00
0F&DUW -$ HW DO ,QWUDYHQRXVO\ DGPLQLVWHUHG DOSKDYLUXV YHFWRU 9$ HUDGLFDWHV
RUWKRWRSLFKXPDQJOLRPD[HQRJUDIWVLQQXGHPLFH3/R621(H
 )DHO$O0D\KDQL70%DOO6/=KDR-:)DZFHWW-,FKLPXUD.&ROOLQV39HWDO
$QHIILFLHQWPHWKRGIRUGHULYDWLRQDQGSURSDJDWLRQRIJOLREODVWRPDFHOOOLQHVWKDW
FRQVHUYHVWKHPROHFXODUSURILOHRIWKHLURULJLQDOWXPRXUV-RXUQDORIQHXURVFLHQFH
PHWKRGV
 *UR]LQJHU &0 6FKUHLEHU 6/ 5HJXODWLRQ RI KLVWRQH GHDFHW\ODVH  DQG  DQG
WUDQVFULSWLRQDODFWLYLW\E\GHSHQGHQWFHOOXODU ORFDOL]DWLRQ3URF1DWO$FDG
6FL86$
 6DQWLR109DKDNRVNL5/5DLQLR(06DQGKROP-$9LUWDQHQ663UXGKRPPH
0 HW DO 3LPVHOHFWLYH LQKLELWRU '+3&& UHYHDOV 3LP NLQDVHV DV SRWHQW
VWLPXODWRUVRIFDQFHUFHOOPLJUDWLRQDQGLQYDVLRQ0RO&DQFHU
 %DFKRYFKLQ '$ 0RKU -7 6SHHUV $( :DQJ & %HUOLQ -0 6SLFHU 73 HW DO
$FDGHPLF FURVVIHUWLOL]DWLRQ E\ SXEOLF VFUHHQLQJ \LHOGV D UHPDUNDEOH FODVV RI
SURWHLQ SKRVSKDWDVH PHWK\OHVWHUDVH LQKLELWRUV 3URF 1DWO $FDG 6FL 8 6 $

 *X]PDQ & %DJJD 0 .DXU $ :HVWHUPDUFN - $EDQNZD ' &RORQ\$UHD DQ
,PDJH- SOXJLQ WR DXWRPDWLFDOO\ TXDQWLI\ FRORQ\ IRUPDWLRQ LQ FORQRJHQLF DVVD\V
3/R621(H
 6FKQHLGHU &$ 5DVEDQG :6 (OLFHLUL .: 1,+ ,PDJH WR ,PDJH-  \HDUV RI
LPDJHDQDO\VLV1DWXUHPHWKRGV
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 'D\6(:D]LUL$&OLQLFDOWULDOVRIVPDOOPROHFXOHLQKLELWRUVLQKLJKJUDGHJOLRPD
1HXURVXUJHU\FOLQLFVRI1RUWK$PHULFD
 *DQL2$(QJK5$3URWHLQNLQDVHLQKLELWLRQRIFOLQLFDOO\LPSRUWDQWVWDXURVSRULQH
DQDORJXHV1DWXUDOSURGXFWUHSRUWV
 1DNDQR+2PXUD6&KHPLFDO ELRORJ\RIQDWXUDO LQGRORFDUED]ROHSURGXFWV 
\HDUVVLQFHWKHGLVFRYHU\RIVWDXURVSRULQH7KH-RXUQDORIDQWLELRWLFV

 6LQJK6.+DZNLQV&&ODUNH,'6TXLUH-$%D\DQL-+LGH7HWDO,GHQWLILFDWLRQ
RIKXPDQEUDLQWXPRXULQLWLDWLQJFHOOV1DWXUH
 0DQQLQR0*RPH]5RPDQ1+RFKHJJHU+&KDOPHUV$-'LIIHUHQWLDOVHQVLWLYLW\
RI *OLRPD VWHP FHOOV WR $XURUD NLQDVH $ LQKLELWRUV LPSOLFDWLRQV IRU VWHP FHOO
PLWRVLVDQGFHQWURVRPHG\QDPLFV6WHP&HOO5HV
 $KPHG68&DUUXWKHUV5*LOPRXU/<LOGLULP6:DWWV&&KDOPHUV$-6HOHFWLYH
,QKLELWLRQ RI 3DUDOOHO '1$ 'DPDJH 5HVSRQVH 3DWKZD\V 2SWLPL]HV
5DGLRVHQVLWL]DWLRQ RI *OLREODVWRPD 6WHPOLNH &HOOV &DQFHU 5HV 

 .KDQQD $ 3LPDQGD -( :HVWHUPDUFN - &DQFHURXV LQKLELWRU RI SURWHLQ
SKRVSKDWDVH$DQHPHUJLQJKXPDQRQFRSURWHLQDQGDSRWHQWLDOFDQFHUWKHUDS\
WDUJHW&DQFHU5HV
 /DPEUHFKW&+DHVHQ'6HQWV:,YDQRYD(-DQVVHQV96WUXFWXUHUHJXODWLRQ
DQG SKDUPDFRORJLFDO PRGXODWLRQ RI 33$ SKRVSKDWDVHV 0HWKRGV 0RO %LRO

 &HUDPL(*DR-'RJUXVR]8*URVV%(6XPHU62$NVR\%$HWDO7KHF%LR
FDQFHUJHQRPLFVSRUWDODQRSHQSODWIRUPIRUH[SORULQJPXOWLGLPHQVLRQDOFDQFHU
JHQRPLFVGDWD&DQFHUGLVFRYHU\
 %UHQQDQ&:9HUKDDN5*0F.HQQD$&DPSRV%1RXVKPHKU+6DODPD65
HWDO7KHVRPDWLFJHQRPLFODQGVFDSHRIJOLREODVWRPD&HOO
 (LFKKRUQ 3- &UH\JKWRQ 03 %HUQDUGV 5 3URWHLQ SKRVSKDWDVH $ UHJXODWRU\
VXEXQLWVDQGFDQFHU%LRFKLP%LRSK\V$FWD
 0LHOFDUHN 0 /DQGOHV & :HLVV $ %UDGDLD $ 6HUHGHQLQD 7 ,QXDEDVL / HW DO
+'$& UHGXFWLRQ D QRYHO WKHUDSHXWLF VWUDWHJ\ WR WDUJHW F\WRSODVPLF KXQWLQJWLQ
DQGDPHOLRUDWHQHXURGHJHQHUDWLRQ3/R6%LRORJ\H
 /LX<5DQGDOO:56FKQHLGHU0)$FWLYLW\GHSHQGHQWDQGLQGHSHQGHQWQXFOHDU
IOX[HVRI+'$&PHGLDWHGE\GLIIHUHQW NLQDVHV LQ DGXOW VNHOHWDO PXVFOH - &HOO
%LRO
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 'L*LRUJLR(%UDQFROLQL&5HJXODWLRQRIFODVV,,D+'$&DFWLYLWLHV LW LVQRWRQO\
PDWWHURIVXEFHOOXODUORFDOL]DWLRQ(SLJHQRPLFV
 %UDGQHU-(:HVW1*UDFKDQ0/*UHHQEHUJ()+DJJDUW\6-:DUQRZ7HWDO
&KHPLFDO 3K\ORJHQHWLFV RI +LVWRQH 'HDFHW\ODVHV 1DWXUH &KHPLFDO %LRORJ\

 1RYRWQ\'LHUPD\U96DQJWKRQJSLWDJ.+X&<:X;6DXVJUXEHU1<HR3HW
DO6%DQRYHOSRWHQWDQGRUDOO\DFWLYHKLVWRQHGHDFHW\ODVHLQKLELWRUZLWKKLJK
WXPRU H[SRVXUH DQG HIILFDF\ LQ PRXVH PRGHOV RI FRORUHFWDO FDQFHU 0ROHFXODU
&DQFHU7KHUDSHXWLFV
 &ORFFKLDWWL $ 'L *LRUJLR ( 'HPDUFKL ) %UDQFROLQL & %HVLGH WKH 0() D[LV
XQFRQYHQWLRQDOIXQFWLRQVRI+'$&&HOO6LJQDO
 /DXEDFK -3 0RUHDX 3 6DQ0LJXHO -) 5LFKDUGVRQ 3* 3DQRELQRVWDW IRU WKH
7UHDWPHQWRI0XOWLSOH0\HORPD&OLQLFDO&DQFHU5HVHDUFK
 9DQGHU0ROHQ.00F&XOORFK:3HDUFH&-2EHUOLHV1+5RPLGHSVLQ,VWRGD[
16&  )5 ). GHSVLSHSWLGH D QDWXUDO SURGXFW UHFHQWO\
DSSURYHGIRUFXWDQHRXV7FHOOO\PSKRPD-$QWLELRW7RN\R
 'UDSSDW]-/HH(4+DPPRQG6*ULPP6$1RUGHQ$'%HURXNKLP5HWDO
3KDVH , VWXG\ RI SDQRELQRVWDW LQ FRPELQDWLRQ ZLWK EHYDFL]XPDE IRU UHFXUUHQW
KLJKJUDGHJOLRPD-RXUQDORI1HXURRQFRORJ\
 %DJFFKL 6 3DQRELQRVWDW DFWLYH DJDLQVW GLIIXVH LQWULQVLF SRQWLQH JOLRPD /DQFHW
2QFRORJ\H
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)LJXUHOHJHQGV

)LJ30(GHSOHWLRQLQGXFHVJOLRPDFHOOV\QWKHWLFOHWKDOLW\LQFRPELQDWLRQZLWK
NLQDVH LQKLELWRU WKHUDSLHV $ +XPDQ JOLREODVWRPD 7* FHOOV WUDQVIHFWHG ZLWK
6FUDPEOHG6FUJUH\EDUVRU30(EODFNEDUVVL51$IRUKRXUVZHUHWUHDWHG
ZLWK LQGLFDWHG FRQFHQWUDWLRQ RI GLIIHUHQW NLQDVH LQKLELWRU FRPSRXQGV (DFK EDU
UHSUHVHQWV WKH PHDQ  6( SHUFHQWDJH RI QXFOHL LQ VXE** SKDVH S DQG
S E\ 6WXGHQW¶V WWHVW 30( VL51$ DQG 676PHGLDWHG V\QWKHWLF OHWKDOLW\
DVVHVVPHQW E\ FRORQ\ JURZWK DVVD\ LQ % 7* DQG & 80* FHOOV ' 30(
VL51$ DQG 676PHGLDWHG V\QWKHWLF OHWKDOLW\ EHWZHHQ QRUPDO DVWURF\WHV LVRODWHG IURP
UDW KLSSRFDPSXV DQG KXPDQ JOLREODVWRPD 7* FHOOV 30(+5 VL51$ WDUJHWV ERWK
KXPDQDQGUDW30(6XSSOHPHQWDU\)LJ6*0HDQ6((&DVSDVHDQG
DFWLYLW\ (DFK EDU UHSUHVHQWV PHDQ  6( OXPLQHVFHQFH UHODWLYH OLJKW XQLW ± 5/8
YDOXHVSURGXFHGE\WKHFOHDYDJHRIFDVSDVHVXEVWUDWHSE\6WXGHQW¶VWWHVW
)VL51$WUDQVIHFWHG7*FHOOVZHUHSUHWUHDWHGZLWKSDQFDVSDVH LQKLELWRU=9$'
)0. IRU  KRXUV IROORZHG E\ 676 WUHDWPHQW  KRXUV DQG DQDO\]HG E\ QXFOHDU
IUDJPHQWDWLRQ DVVD\ 0HDQ  6( * 1XFOHDU IUDJPHQWDWLRQ DQDO\VLV LQ VL51$
WUDQVIHFWHG7*FHOOVDQGWUHDWHGZLWK6760HDQ6(SE\6WXGHQW¶VWWHVW
+1XFOHDUIUDJPHQWDWLRQDQDO\VLVLQ7*FHOOVWUHDWHGZLWK%FO[/LQKLELWRU$%7
ZLWKRUZLWKRXW676WUHDWPHQW

)LJ30(GHSOHWLRQVHQVLWL]HVJOLRPDFHOOOLQHVDQGJOLRPDVWHPFHOOV*6&V
WR FOLQLFDOO\ UHOHYDQW LQGRORFDUED]ROHV $ $SRSWRVLV DQDO\VLV LQ 30( GHSOHWHG
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7* FHOOV ZLWK LQGRORFDUED]ROH GHULYDWLYHV 9DOXHV DUH PHDQ  6( S DQG
S E\ 6WXGHQW¶V WWHVW 5HSUHVHQWDWLYH FRORQ\ IRUPDWLRQ DVVD\ LPDJHV DQG
TXDQWLILFDWLRQV IRU VL51$ WUDQVIHFWHG % 7* DQG & 80* FHOOV ZLWK 676
GHULYDWLYHV  KRXUV 0HDQ  6( S DQG S E\ 6WXGHQW¶V WWHVW '
4XDQWLILFDWLRQ RI ELROXPLQHVFHQFH IOX[  SKRWRQVVHFRQG VLJQDO IURP 6FU VL6FU RU
30(VL30(VLOHQFHG80*OXF WXPRUFHOOV LQPLFH WUHDWHGZLWK8&1Q 
$UURZV LQGLFDWHGD\VZKHQPLFH UHFHLYHG8&1 WUHDWPHQW9DOXHVDUH IROG FKDQJH
PHDQ IOX[ UHODWLYH WR GD\ VWDUWLQJ GD\ RI 8&1 WUHDWPHQW  6( S E\
6WXGHQW¶VWWHVW(,PDJHVRIWXPRUVLVRODWHIURPPLFHRQWKHILQDOGD\RIWKH
H[SHULPHQWGD\5HSUHVHQWDWLYHLPDJHVDQGTXDQWLWDWLRQRIFRORQ\IRUPDWLRQDVVD\
LQ*6&OLQHV)(DQG*5DIWHU30(VLOHQFLQJKRXUVFRPELQHGZLWK676
RU8&1 WUHDWPHQW KRXUV0HDQ6( SDQG SE\6WXGHQW¶V W
WHVW

)LJ  5HDFWLYDWLRQ RI 30( GHSHQGHQW 33$ FRPSOH[HV LV UHTXLUHG IRU
V\QWKHWLF OHWKDOLW\ ZLWK NLQDVH LQKLELWRUV $ 3KRVSKDWDVH DFWLYLW\ RI 33$
LPPXQRSUHFLSLWDWHV,3LVRODWHGIURPVL51$WUDQVIHFWHG7*FHOOV,PPXQREORWVKRZV
33$ &VXEXQLW 33$F OHYHOV LQ ,3 0HDQ  6( S % 2NDGDLF DFLG 2$
EORFNVWKH30(VL51$PHGLDWHGV\QWKHWLFOHWKDOLW\0HDQ6(IROGFKDQJHRIQ0
676 WUHDWHG VDPSOHV RYHU UHVSHFWLYH XQWUHDWHG VDPSOHV & &DUWRRQ SLFWXUH RI WKH
33$ WULPHULF FRPSOH[GHSLFWLQJ DOVR FHOOXODU33$LQKLELWRU\ SURWHLQV UHG OLQHV DQG
FKHPLFDO 33$ LQKLELWRUV DQG DFWLYDWRUV EODFN OLQHV &RPSDULVRQ RI DSRSWRVLV
LQGXFWLRQ LQ ' &,3$ RU 30( VLOHQFHG RU ( 33$ DFWLYDWRU )7< 6HOHQDWH
.DXUHWDO
  ? ?
;\OXORVHSKRVSKDWH ± ;3 WUHDWHG FHOOV ZLWK 676 0HDQ  6( S 16 ± QR
VLJQLILFDQWGLIIHUHQFH)$SRSWRVLVLQ7*FHOOVFRGHSOHWHGIRU30(DQGLQGLFDWHG
33$%VXEXQLWZLWKQ06760HDQ6( S SE\6WXGHQW¶V WWHVW
* *HQHWLF DOWHUDWLRQV LQ 33$ VXEXQLWV LQ 7&*$ *%0 GDWD E\ F%LR3RUWDO SURJUDP
Q 

)LJ+'$&LVLQYROYHGLQJOLRPDFHOONLQDVHLQKLELWRUUHVLVWDQFH7*FHOOV$
WUHDWHG ZLWK VSHFLILF FKHPLFDO LQKLELWRUV RU % WUDQVIHFWHG ZLWK VL51$ IRU LQGLFDWHG
33$ WDUJHW SURWHLQV ZHUH DQDO\]HG IRU DSRSWRVLV LQGXFWLRQ XSRQ 676 WUHDWPHQW
9DOXHVDUHPHDQ6(&7RWDOSURWHLQO\VDWHVIURP$VXEMHFWHGWRLPPXQREORWWLQJ
ZLWKLQGLFDWHGDQWLERGLHV'&RORQ\JURZWKDVVD\RIVL51$WUDQVIHFWHG7*FHOOVDQG
WUHDWHG ZLWK  Q0 676  KRXUV ( :% DQDO\VLV RI 7* FHOOV DV LQ ' )
&RUUHODWLRQ EHWZHHQ VHQVLWLYLW\ RI 30( DQG +'$& GHSOHWHG FHOOV WRZDUGV 676
GHULYDWLYHV3HDUVRQ¶VFRUUHODWLRQFRHIILFLHQW5EHWZHHQ WRFRUUHVSRQGVWR
VWURQJ SRVLWLYH UHODWLRQVKLS * &RORQ\ JURZWK DVVD\ RI +'$& VLOHQFHG 7* FHOOV
WUHDWHGZLWK676DQDORJXHV&RORQ\JURZWKDVVD\ LQ +(DQG ,5JOLRPDVWHP
FHOO OLQHV XSRQ +'$& VLOHQFLQJ DQG WUHDWPHQW ZLWK 676 RU 8&1 %RWWRP JUDSKV
GLVSOD\ TXDQWLILFDWLRQ RI FRORQ\ JURZWK 0HDQ  6( S DQG S E\
6WXGHQW¶VWWHVW-$SRSWRVLVLQ7*FHOOVVLOHQFHGIRU30(DQG+'$&DORQHRULQ
FRPELQDWLRQ KRXUVDQG WUHDWHGZLWK676 Q0RUQ0 IRU KRXUV0HDQ
6(16±QRVLJQLILFDQWGLIIHUHQFHE\6WXGHQW¶VWWHVW.VL51$WUDQVIHFWHG7*FHOOV
WUHDWHG ZLWK 676 ZHUH DQDO\]HG E\ QXFOHDU IUDJPHQWDWLRQ DVVD\ 0HDQ  6( /
$SRSWRVLV LQGXFWLRQ LQ7*FHOOV VLOHQFHG IRU+'$&DQG3335$%VXEXQLWZHUH
.DXUHWDO
  ? ?
WUHDWHGZLWK676Q00HDQ6(03UR[LPLW\OLJDWLRQDVVD\3/$LQ7*FHOOV
XVLQJ +'$& DQG 33$ &VXEXQLW 33$&Į RU 3335$ %VXEXQLW DQWLERGLHV
*UHHQ GRWV +'$&33$&Į LQWHUDFWLRQ 5HG GRWV +'$&3335$ LQWHUDFWLRQ
1XFOHL VWDLQHG E\ '$3, EOXH 1HJDWLYH FRQWURO VWDLQLQJ ZDV SHUIRUPHG DW VLPLODU
FRQGLWLRQVH[FOXGLQJWKHSULPDU\DQWLERGLHV

)LJ  30( UHJXODWHV F\WRVROLF +'$& $ ,PPXQRIOXRUHVFHQFH IRU +'$&
JUHHQ VKRZLQJ PDLQO\ F\WRVROLF ORFDOL]DWLRQ LQ 7* FHOOV ; PDJQLILFDWLRQ %
,PPXQRKLVWRFKHPLFDO ,+& VWDLQLQJ RI F\WRVROLF +'$& LQ KXPDQ DVWURF\WLF JOLRPD
JUDGH,,,DQG,9WXPRUVDPSOHV ,QVHWVIURPWKHUHSUHVHQWDWLYH LPDJHVVKRZQLQ)LJ
$ & 7* FHOOV WUDQVIHFWHG ZLWK +'$&*)3 DQG 6FU RU 30( VL51$ ZHUH
DQDO\VHGE\IOXRUHVFHQFHPLFURVFRS\%DUVUHSUHVHQW WKHSHUFHQWDJHRIFHOOVVKRZLQJ
F\WRSODVPLFJUHHQEDUVRUQXFOHDUEOXHEDUV+'$&*)3H[SUHVVLRQ0HDQ6(
SE\6WXGHQW¶VWWHVW'&\WRVROLFO\VDWHVIURP7*FHOOVWUDQVIHFWHGZLWK6FU
30( RU +'$& VL51$  KRXUV LPPXQREORWWHG ZLWK SDQDFHW\ODWHG O\VLQH DF
O\VLQH DQWLERG\ $UURZV LQGLFDWH VSHFLILF EDQGV VLPLODUO\ XSUHJXODWHG LQ 30( RU
+'$&VLOHQFHGFHOOV(3KRVSKR6HU+'$&DQGWRWDO+'$&LPPXQREORWWLQJ
IURPZKROHFHOOO\VDWHVRI7*FHOOVWUDQVIHFWHGZLWKLQGLFDWHGVL51$DQGWUHDWHGZLWK
676 Q0 IRUKRXUV4XDQWLILFDWLRQRI+'$&H[SUHVVLRQQRUPDOL]HG WR*$3'+
VKRZQLQWKHERWWRPJUDSK0HDQ6(SDQGSE\6WXGHQW¶VWWHVW)
+'$&LQKLELWRU\SURILOHRI WKH+'$&LQKLELWRUV).3DQRELQRVWDWDQG6$+$7KH
LQKLELWRU\FRQVWDQW.LYDOXHV>0@DUHDVUHSRUWHGLQSUHYLRXVVWXGLHV&HOOYLDELOLW\:67
 DVVD\ LQ 7* FHOOV WUHDWHG ZLWK LQFUHDVLQJ FRQFHQWUDWLRQ RI * ). RU +
.DXUHWDO
  ? ?
3DQRELQRVWDW HLWKHU DORQH RU LQ FRPELQDWLRQ ZLWK 676 RU 8&1 0HDQ  6( ,
$SRSWRVLVDQDO\VLV LQ7*FHOOVWUHDWHGZLWK3DQRELQRVWDWRU6$+$HLWKHUDORQHRU LQ
FRPELQDWLRQZLWK676RU8&10HDQ6(

)LJ7KHUDSHXWLFYXOQHUDELOLW\ LQKXPDQJOLRPDVEDVHGRQ30(+'$&%$'
VWDWXV $5HSUHVHQWDWLYHLPDJHVRI30(+'$&DQG%$',+&VWDLQLQJVFRUHG
WRIURPKXPDQDVWURF\WLFJOLRPDSDWLHQWVDPSOHVQ IRU+'$&Q IRU%$'
3HUFHQWDJHRIWKHSDWLHQWVDPSOHVZLWKUHVSHFWLYHVWDLQLQJLQWHQVLW\VFRUHDUHLQGLFDWHG
DW WKHERWWRPULJKWFRUQHURIHDFK LPDJH %&RUUHODWLRQEHWZHHQ+'$&H[SUHVVLRQ
DQG DVWURF\WLF JOLRPD WXPRU JUDGH S  E\ 3HDUVRQ &KLVTXDUH WHVW & 7*
VK51$FORQHVZLWKFRQWUROVK51$*)3DQGRU30(VK51$30(DQG
ZHUH O\VHG DQG EORWWHG ZLWK 30( DQWLERG\ ' 5HSUHVHQWDWLYH LPDJHV RI 7*
VK51$ FORQHV WUHDWHG ZLWK 676 GHULYDWLYHV .D RU &(3 IRU  KRXUV DQG
VXEMHFWHG WRFRORQ\JURZWKDVVD\ (4XDQWLILFDWLRQV PHDQ6(RIFRORQ\JURZWK
DVVD\DV LQ % SE\6WXGHQW¶V WWHVW%$' LPPXQRVWDLQLQJ FRUUHODWLRQZLWK )
30( RU * +'$& LPPXQRVWDLQLQJ 5HG ER[HV GHSLFW WKH SDWLHQW VXEJURXS ZLWK
30(ORZ%$'KLJK RU +'$&ORZ%$'KLJK SKHQRW\SHV DQG EOXH ER[ ZLWK
+'$&KLJK%$'KLJKSKHQRW\SH7KHSHUFHQWDJHRISDWLHQWVZLWKVWUDWLILFDWLRQSKHQRW\SHV
LV LQGLFDWHG DW WKH ERWWRP RI WKH WDEOH + 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH JOLRPD
SDWLHQW VWUDWLILFDWLRQVWUDWHJ\EDVHGRQSDWLHQW WXPRU ,+&DQDO\VLV IRU30(+'$&
DQG%$'H[SUHVVLRQ IRUSURSRVHG WKHUDS\ZLWKPXOWLNLQDVH LQKLELWRU 0.,DORQHRU LQ
FRPELQDWLRQZLWK+'$&LQKLELWRUV
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